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This invention relates to transesophageal ultrasonic probe disinfectant 
systems and more particularly to fully automated computer-based disinfectant 
systems. 
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BACKGROUND ART 

Due to the ever increasing use of electronics in the creation of medical 
equipment, new and improved systems have been developed for providing medical 
information using less invasive techniques. One of these developments which has 
5 become increasingly popular is the transesophageal ultrasonic probe. 

Transesophageal ultrasonic probes are used to provide a graphic outline of 
the movement, valves, and chambers of a heart by employing high frequency sound 
waves generated from a small transducer mounted at the tip of an elongated, 
flexible member. In use, the transesophageal ultrasonic probe is passed down an 
1 0 individual 1 s throat in order to place the transducer in the desired position for 
obtaining the information being sought. Once the desired information has been 
obtained, the probe is removed. 

It has been found that ultrasonic probes provide non-invasive clear images of 
the heart's movement, since the transducer is near the heart without interfering with 
1 5 the heart. These images enable physicians to assess the function of the heart's 
chambers and valves, determine the presence of diseases of the heart muscles, 
valves, and pericardium, uncover tumors and congenital heart disease, and evaluate 
the effectiveness of treatments as well as evaluate heart abnormalities. 

Although this system has become extremely popular, due to its efficacy in 
20 providing pertinent data in a reasonably non-invasive manner, care must be exer- 
cised in handling the probe and in disinfecting the probe for re-use. Since each 
probe is extremely costly, the probes are manufactured for repeated use and careful 
disinfection of the probe after each use must be performed. 

Although transesophageal ultrasonic probes have become increasingly 
25 popular and widely used, no system presently exists which either automatically or 
even semi-automatically disinfects a transesophageal ultrasonic probe after use. 
Typically, most probes are disinfected manually and then undergo a manual high- 
level disinfection in a cold, liquid disinfectant. In this process, the disinfectant is 
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allowed to remain in contact with the entire length of the probe member for an 
extended period of time in order to be certain that the entire outer surface has been 
fully treated and disinfected. 

Since transesophageal ultrasonic probes comprise elongated, flexible 
5 members, which may have an overall length of about four feet with a transducer at 
one end and an electronic equipment bearing housing formed at the opposed end, 
manual handling of the probe provides numerous pitfalls and difficulties. In 
particular, the probe needs to be placed in a container or housing into which the 
disinfectant solution is placed for completely covering the probe. Then, the probe 

1 0 is allowed to remain in contact with the disinfectant solution for an extended period 
of time. In performing these steps, care must be exercised in being certain that the 
entire length of the probe is free from contact with any surface as well as any other 
portion of the probe. 

Another problem typically encountered in the disinfection of ultrasonic 

1 5 probes is the difficulty encountered in handling the electronic bearing housing 
formed at one end of the probe. The probe's housing incorporates sensitive elec- 
tronic connections and transmitter systems which interface with additional electronic 
equipment which receives data from the transducer, interprets the data, and pro- 
duces the information output employed by the physicians in making their diagnosis. 

20 As a result, it is imperative that this housing is not exposed to the disinfectant, due 
to the potential harm and destruction that may occur. Consequently, the housing 
must be suspended or supported separate and apart from the remainder of the 
elongated ultrasonic probe, while all of the remainder of the probe is placed and 
retained in the liquid disinfectant. 

25 A farther major problem that occurs with disinfecting ultrasonic probes is 

the exposure each operator receives to the disinfectant's fumes. Due to the nature 
of the disinfectant employed, extremely limited exposure to individuals is recom- 
mended. However, due to the steps involved with the manual disinfection of 
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ultrasonic probes, limiting an operator's exposure to the fumes becomes extremely 
difficult and problematic. 

Therefore, it is a principal object of the present invention to provide a 
transesophageal ultrasonic probe disinfection system which is capable of providing a 
5 fully automated disinfection system which is completely computer controlled, 
requiring no handling by individuals. 

Another object of the present invention is to provide an ultrasonic probe 
disinfection system having the characteristic features described above which 
completely eliminates any exposure of disinfectant fumes from the operator. 
1 0 Another object of the present invention is to provide an ultrasonic probe 

disinfection system having the characteristic features described above which 
prevents any exposure of the disinfectant solution to the probe electronics. 

Another object of the present invention is to provide an ultrasonic probe 
disinfection system having the characteristic features described above which enables 
15 a single use disinfectant holding container to be employed and disinfected after use. 
Other and more specific objects will in part be obviated and will in part 
appear hereinafter. 
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SUMMARY OF THE INVENTION 

By employing the present invention, all of the difficulties and drawbacks 
found in the prior art have been overcome, and a fully automated disinfection 
system for transesophageal ultrasonic probes is provided. In accordance with the 
5 present invention, a simple, easily employed, convenient, fully integrated system is 
achieved for quickly and easily receiving the transesophageal ultrasonic probe in its 
entirety, supporting the electronic bearing head portion independently from the dis- 
infection portion, and automatically performing various disinfection, and rinse 
cycles for providing a completely disinfected ultrasonic probe member ready for 
1 0 use. 

In accordance with the present invention, a single housing is provided which 
incorporates an elongated probe receiving zone which is interconnected to a pump 
member, a plurality of automated valves, a disinfectant dispensing chamber, a water 
supply, and a control system for automatically cycling each of the components to 
1 5 achieve the desired result. By employing this combination of elements and control- 

i 

ling the overall operation of each element in the precisely desired manner, a com- 
pletely automated transesophageal ultrasonic probe disinfection system is realized. 

In the preferred embodiment, the elongated probe receiving zone or cavity is 
constructed with an overall length greater than the length of the ultrasonic probe 
20 being disinfected. In addition, the probe receiving zone comprises a diameter 

greater than the probe diameter to assure ease of insertion and complete retention of 
the probe therein, while also preventing any contact between the probe and of the 
sidewalls of the receiving zone. 

In the preferred construction, the disinfectant dispensing chamber is con- 
25 structed for receiving a single use container which incorporates a highly concen- 
trated disinfectant. Furthermore, the system automatically opens the container, and 
controllably dispenses the disinfectant from the container at the appropriate time 
directly onto the entire length of the probe. 
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In order to achieve the desired automated operation, the system of the 
present invention also incorporates a pump, a plurality of control valves, a water 
supply, and an electronic control system which is constructed for completely 
operating all of the required cycles and functions necessary to achieve the complete 
5 disinfection of the ultrasonic probe in a fully automated manner. In this way, all of 
the prior art failings are eliminated and a fully automated system is realized. 

The present invention also incorporates a housing support and holding 
platform formed directly adjacent the elongated probe receiving cavity/zone 
whereby the sensitive electronic components contained in the housing are carefully 
1 0 supported, free from potential damage. The housing support and holding platform 
is also positioned to enable the entire length of the ultrasonic probe to be exposed to 
the disinfecting solutions for attaining the desired results. 

Finally, all of the components are contained in a single housing which in- 
corporates a cover member for preventing leakage of the fumes from the disinfec- 
1 5 tant solution into the surrounding ambient air. Furthermore, in order to further 

enhance the air quality and prevent any unwanted exposure or leakage of fumes into 
the ambient air, an air filtration system is also incorporated into the housing to re- 
move any excess fumes generated by the disinfectant during its dispensing and use. 
The invention accordingly comprises the features of construction, combina- 
20 tion of elements and arrangement of parts which will be exemplified in the construc- 
tion hereinafter set forth, and the scope of the invention will be indicated in the 
claims. 
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THE DRAWINGS 

For a fuller understanding of the nature and objects of the invention, 
reference should be had to the following detailed description taken in connection 
with the accompanying drawings, in which: 
5 FIGURE 1 is a front elevation view of the fully assembled, automated 

disinfection system of the present invention with the cover of the housing removed 
and with a transesophageal ultrasonic probe assembly mounted therewith; 

FIGURE 2 is a top plan view of the fully assembled, automated disinfection 
system of FIGURE 1; 
1 0 FIGURE 3 is a side elevation view of the fully assembled, automated 

disinfection system of FIGURE 1 looking from the right side of FIGURE 1 ; 

FIGURE 4 is a side elevation view of the fully assembled automated 
disinfection system of FIGURE 1, looking from the left side of FIGURE 1; 

FIGURE 5 is a schematic diagrammatic view of the automated disinfection 
1 5 system of the present invention showing the layout of the component incorporated 
into the disinfection system of the present invention; 

FIGURE 6 is a schematic diagrammatic view of the computer controlled 
electronic network employed in the present invention; 

FIGURE 7 is a top plan view of the fully assembled, automated disinfection 
20 system of the present invention; 

FIGURE 8 is a front elevation view of the fully assembled, automated 
disinfection system of FIGURE 1; 

FIGURE 9 is a side elevation view of the fully assembled, automated 
disinfection system of FIGURE 1; and 
25 FIGURE 10 is a schematic block diagram showing the layout of the various 

automatically controlled valve member's incorporated into the fully assembled, 
automated disinfection system of the present invention. 
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DETAILED DISCLOSURE 

By referring to FIGURES lrlO, along with the following detailed discus- 
sion, the construction and operation of the two alternate embodiments of the auto- 
mated, transesophageal ultrasonic probe disinfection system of the present invention 
5 can best be understood. It is to be understood, however, that the embodiments 
detailed herein are provided for exemplary purposes only, since further alternate 
constructions and variations may be employed without departing from the present 
invention. Consequently, all variations and alternate constructions are intended to 
be within the scope of the present invention. 

1 0 In FIGURES 1-4, a preferred embodiment of transesophageal ultrasonic 

probe disinfection system 20 of the present invention is depicted incorporating 
housing 21, which contains all of the components for providing an effective, 
automated, computer controlled disinfection system 20. As is evident from these 
depictions, this embodiment of ultrasonic probe disinfection system 20 comprises a 

1 5 free-standing unit, which is easily placed in any desired location. 

As best seen in FIGURE 1, housing 21 is shown with transesophageal 
ultrasonic probe assembly 22 supportingly retained therewith. As depicted, 
transesophageal ultrasonic probe assembly 22 comprises electronics containing 
section 23 forming one end of probe assembly 21, with section 23 directly con- 

20 nected to elongated flexible shaft 24. Elongated, flexible shaft 24 terminates at its 
opposed end with transducer 25. 

In the preferred construction of this embodiment of the present invention, 
housing 21 of automated disinfection system 20 comprises an elongated, probe 
receiving and holding cavity or passageway 28 which is formed in housing 21, 

25 extending therein with an overall length greater than the length of flexible shaft 24 
and transducer 25. In the preferred construction, as depicted in FIGURE 1, probe 
receiving and holding cavity/passageway 28 comprises an elongated, continuous, 
pathway constructed for enabling shaft 24 with transducer 25 to be easily advanced 
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into secure retained engagement therein. Furthermore, in order to enhance the ease 
of sliding engagement of shaft 24 and transducer 25 therein, cavity /passageway 28 
is preferably formed from low-friction material, such as high density polyethylene 
or Teflon. 

5 In the preferred construction, elongated probe receiving cavity /passage-way 

28 comprises an elongated, longitudinally extending fully enclosed pathway, 
extending from entry portal 29 to terminating end 30. In this preferred embodi- 
ment, passageway 28 comprises two separate, substantially straight sections 26 and 
27, in combination with one, intermediately positioned curved section 31. As 

1 0 further discussed below, passageway 28 may comprise a wide variety of shapes in 
order to accommodate the entire length of flexible shaft 24. In general, the particu- 
lar shape or configuration employed is controlled by the overall size desired for 
housing 21, while providing ease of use and insertion of probe assembly 22 therein. 
In addition, the diameter of cavity /passageway 28 is constructed to be 

1 5 greater than the diameter of elongated shaft 24, thereby enabling transducer 25 and 
shaft 24 to be easily inserted into portal 29 and telescopically advanced into cavity/ 
passageway 28 along substantially the entire length thereof, until flexible shaft 24 
and transducer 25 are completely retained within cavity /passageway 28. Although 
the diameter of cavity/passageway 28 may comprise any desired dimension, the 

20 preferred diameter ranges between about 0.5 inches and 2.0 inches. 

In order to further enhance the ability of automated system 20 to provide the 
desired thorough disinfection of flexible shaft 24 and transducer 25, in the manner 
detailed below, this embodiment of elongated cavity /passageway 28 is formed in 
housing 21 in a vertically oriented, downwardly extending and sloping configura- 

25 tion, starting with portal 29 and terminating at end 30. In the preferred construc- 
tion, straight section 27 is pitched downwardly, enabling terminating end 30 to be 
the lowermost portion of passageway 28. 

By employing this construction, gravity forces cause any rinsing fluid or 
disinfecting solution to automatically cascade along the entire length of cavity/ 
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passageway 28, while simultaneously contacting the entire outer surface of shaft 24 
and transducer 25. As a result, the desired disinfection of shaft 24 and transducer 
25 are attained and enhanced. 

As discussed above, and clearly shown in FIGURES 1 and 3-4, housing 21 
5 incorporates holding and supporting platform 32 mounted to the top surface of 
housing 21, directly adjacent portal 29 and cavity/passageway 28. As depicted, 
holding and supporting platform 32 is constructed for securely retaining and 
supportingly holding electronics containing section 23 of ultrasonic probe assembly 
22 in a manner which protects the electronics contained therein and prevents any 

1 0 exposure of the electronics contained in section 23 to the disinfection solutions 
and/or rinse water. In this way, assurance is provided that the entire length of 
flexible shaft 24 and transducer 25 are completely disinfected, while the electronics 
contained in section 23 is maintained free from exposure to any liquid. 

Another feature of the present invention is the incorporation of docking 

1 5 station 33 integrally mounted to housing 21 and constructed for receiving and 

automatically opening specially constructed disinfectant solution container 46. In 
the present invention, a special, high concentration level of glutaraldehyde is 
preferred as the disinfecting solution. However, other commercially acceptable 
disinfection solutions can be employed with equal efficacy. One such alternate 

20 disinfectant solution is ortho-phthalaldehyde. 

Although concentration may vary, depending upon particular desired results, 
it has been found that the glutaraldehyde concentration preferably ranged between 
about 2.25% and 3.0% by weight based upon the weight of the entire composition, 
with a concentration of 2.65% by weight being preferred. If ortho-phthalaldehyde 

25 is employed, the concentration preferably ranges between about 0.25% andO.75% 
by weight based upon the weight of the active composition, with a concentration of 
0.55% by weight being preferred. 

In order to prevent unwanted handling of the disinfecting solution as well as 
prevent unwanted exposure to the fumes produced by glutaraldehyde, the concen- 
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trated glutaraldehyde employed in the present invention is preferably distributed in 
sealed containers 46, with each container 46 having the precise quantity of 
glutaraldehyde required for a single (iisinfecting cycle. In this way, prepackaged, 
sealed container 46 of concentrated glutaraldehyde is inserted into docking station 
5 33, when desired, and activated for use when probe assembly 22 is securely 
mounted to housing 21, ready for disinfection. 

In the present invention, docking station 33 is constructed incorporating 
upstanding, seal piercing member 47 which automatically punctures and breaks the 
seal formed on the glutaraldehyde container 46, enabling the delivery of the 

1 0 glutaraldehyde directly to probe receiving and holding cavity /passageway 28. In 
the preferred construction, piercing element 47 of docking station 33 pierces the 
seal formed on disinfectant bearing container 46 by incorporating elongated prongs 
which rupture the seal of container 46 and enter the interior of container 46. In 
addition, the prongs are connected with tubing, pumps, and valves, as detailed 

1 5 below, to draw the disinfectant solution from container 46 and deliver the disinfec- 
tant solution to cavity /passageway 28. 

In the preferred construction of this embodiment of the present invention, 
housing 21 incorporates a disinfectant retaining reservoir 35 in the form of basin 
36, which receives the disinfecting solution from dispensing container 46 and holds 

20 a quantity of the solution therein, if needed, as the solution enters portal 29 of 
cavity/passageway 28. 

In this embodiment, when glutaraldehyde is employed, the disinfecting 
solution is heated prior to initiating the probe disinfection cycle and, once the 
desired temperature is attained, the solution is continuously circulated through 

25 passageway 28 in order to assure that the entire flexible shaft 24 of ultrasonic probe 
assembly 22 is completed disinfected. 

In order to provide the desired circulation of the disinfecting solution during 
the disinfection cycle, ultrasonic probe disinfection system 20 incorporates elon- 
gated conduit 37 and heater 38 which is integrally associated with conduit 37. As is 
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fully detailed below, this embodiment of the present invention incorporates mani- 
fold 50 which is interconnected to the distal end of passageway 28, while also being 
cooperatively associated with a plurality of circulation control valves. As shown 
and discussed below, the valves include valve (VI) 51, valve (V2) 52, valve (V3) 
5 53, and valve (V4) 54. In addition, system 20 also comprises pump 55 for produc- 
ing the desired circulation. Furthermore, one end of elongated conduit 37 is 
connected to manifold 50,while the opposed end of conduit 37 is connected to 
docking station 33 and seal piercing element 47. 

System 50 also incorporates interconnecting tube member 39 which is 
1 0 mounted in direct association with docking station 33 and basin 36. In the preferred 
construction, tube member 39 extends between one end of conduit 37 and the 
proximal end of passageway 28. By employing this construction, a completely 
closed loop, fluid flow system is attained for enabling the disinfection solution to 
completely fill passageway 28 while also being continuously circulated therethrough 
1 5 during the disinfecting or heat/soak cycle. In addition to assuring that all of the 
disinfectant solution is effectively and efficiently circulated through cavity/passage- 
way 28, this construction also disinfects the portion of flexible shaft 24 which is 
affixed directly to section 23, preventing any unwanted cross-contamination. 

If ortho-phthalaldehyde is employed as the disinfectant solution* the heating 
20 of the solution described above can be avoided. However, due to the viscous, oily 
nature of ortho-phthalaldehyde, numerous rinsing cycles must be employed to 
remove all of the disinfectant from flexible shaft 24. Furthermore, if desired, 
heater 38 may be employed to heat the rinse water in order to obtain a more 
thorough and complete removal of all disinfectant. In addition, if desired, the use 
25 of fan 49 and filter 48 may be eliminated, since ortho-phthalaldehyde does not 
possess a strong odor. 

As mentioned above, transesophageal fully assembled, automated disinfec- 
tion system 20 of the present invention incorporates pump 55 and valves 51, 52, 53, 
and 54 which are controlled by a computer based electronic control system which 
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produces the desired disinfection cycles for fully and conq>letely disinfecting the 
entire length of flexible shaft 24 and transducer 25 of ultrasonic probe 22. All of 
these components are contained within housing 21 and are activated and controlled 
by keypad 60 of panel 40 which is mounted on the top surface of housing 21, as 
5 shown in FIGURE 2. In addition, display screen 61 is also mounted on panel 40 
for providing information to the user, along with printer assembly 61 which is also 
associated with panel 40. Finally, printed circuit boards 63 and 64 are mounted in 
housing 20 in association with panel 40 for providing the desired operational 
control. 

10 In the preferred construction, the computerized control electronics provided 

by printed circuit board 63 and 64 operates the pumps and valves contained in 
housing 21 in a precisely desired cyclical sequence as defined by the built-in 
software forming a part thereof. By referring to FIGURE 6, the fully integrated, 
computer based electronic control network employed in the present invention can be 1 

1 5 seen and understood. The predetermined sequence is more fully discussed below 
and provides a plurality of rinse cycles and disinfecting cycles which provide all of 
the required operations to attain a completely disinfected probe assembly in a fully 
automated manner. In the preferred construction, the system status is continuously 
displayed on display screen 61 of panel 40, with keypad 60 incorporating control 

20 buttons for initiating, overriding, or altering of the automated system, as required. 

In the preferred construction, ultrasonic probe disinfection system 20 of the 
present invention also incorporates connections or fittings mounted to housing 21 
for providing water inlet 41, waste outlet 42, and passageway cleanout 43. In the 
preferred construction, water inlet 41 incorporates water filtration components 

25 mounted therein, constructed for assuring that any water delivered to housing 21 is 
filtered to a high level or standard for use by system 20 in providing the desired 
disinfection of probe assembly 22. 

Finally, housing 21 of system 20 of the present invention also preferably 
comprises a completely self-contained, fully enclosed unit for controlling the fumes 
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produced by the system's operation when fume producing disinfectants are em- 
ployed. In this regard, cover means are employed for overlying and covering all 
areas where fumes from the disinfecting solution could escape, such as docketing 
station 33, reservoir 36 and the holding zone for electronic section 23. In this way, 
exposure of the fumes of the disinfecting solution to individuals is prevented. 

Furthermore, in the preferred construction, an air filtration system is 
incorporated into housing 21 which preferably incorporates air filters 48 constructed 
to remove and neutralize the disinfectant fumes generated by the solution. In its 
preferred construction, a blower or fan 49 is also employed to control the air flow 
in housing 21, and deliver the air through the filter before recirculating the filtered 
air into the ambient surroundings through outlet 44 shown in FIGURE 4. 

By employing ultrasonic probe disinfection system 20 of the present inven- 
tion, any desired transesophageal ultrasonic probe can be quickly and easily 
mounted in system 20 of the present invention and completely disinfected in a fully 
automated, computer-controlled, easily employed manner. Typically, the first step 
employed by any operator in assuring that the desired transesophageal ultrasonic 
probe is properly disinfected is to remove any bio-burden on the probe assembly by 
employing an enzyme coated wipe sponge. By thoroughly disinfecting all bio- 
burden from the probe assembly, by merely drawing the elongated shaft and 
transducer through the enzyme coated wipe sponge, all human protein on the 
surface of the shaft is removed. This manual wiping process also mechanically 
removes the bio-burden that may remain on the probe from a previous patient. 

Once the outer surface of the flexible shaft of the probe assembly has been 
manually wiped, the probe assembly is loaded into ultrasonic probe disinfection 
system 20 of this invention. As fully detailed above, this loading is quickly and 
easily achieved by telescopically advancing transducer 25 and flexible shaft 25 into 
elongated, probe receiving and holding cavity/passageway 28. Once the entire 
length of flexible shaft 24 of probe assembly 22 has been fully extended into 
cavity/passageway 28, electronics containing section 23 is mounted to holding and 
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supporting platform 32, where section 23 is securely retained with the electronics 
thereof secured and positioned for preventing any exposure thereof to any disinfect- 
ing solutions and/or rinse water. 

If desired, display screen 61 of panel 40 may initially display a request for 
5 the operator to select whether a leak test should be performed on probe assembly 
22. If the leak test is desired, a salt tablet is placed in cavity/passageway 28 prior 
to loading probe assembly 22 therein and, once the probe assembly has been fully 
inserted into cavity /passageway 28, the start button on keypad 60 of panel 40 is 
pressed to begin the process. 

1 0 By referring to FIGURE 5, along with the following detailed discussion, the 

automated operation of ultrasonic probe disinfection system 20 of the present 
invention can best be understood. In addition, the automated opening and closing 
of the cooperating valve members associated with system 20 are discussed in 
conjunction with the depiction of these valve members in FIGURE 5. 

1 5 Once the probe assembly is mounted in place, the next step in the process is 

to mount sealed disinfectant bearing container 46 in docking station 33 which 
automatically causes the seal to be ruptured to enable the disinfectant solution to be 
withdrawn from container 46. At this time, housing 20 should be enclosed by the 
associated cover to assure that fumes generated by the disinfectant solution are 

20 controlled and the operator is not exposed to the fumes. 

At this stage, disinfecting system 20 automatically cycles through each of the 
pre-determined stages which assures that probe assembly 22 is fully disinfected. In 
the preferred construction of this embodiment, the first cycle is a disinfectant fill 
cycle, wherein the entire contents of container 46 is allowed to fill passageway 28, 

25 peripherally surrounding flexible shaft 24 of probe 22. In order to achieve this 
cycle, all of the valves remain closed, with heater 38 and pump 55 set to "OFF". 

In the next cycle, the disinfectant is heated and shaft 24 of probe 22 is 
soaked with the heated disinfectant. In order to achieve the desired thorough 
soaking and disinfection of shaft 24 of probe 22, heater 38 is turned on, pump 55 is 
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activated, and valve (V2) 52 is opened. In this way, the heated disinfectant is 
continuously circulated through passageway 28, conduit 37, heater 38, and reser- 
voir 35 through tube member 39 (shown in FIGURE 1). 

In order to achieve the desired level of disinfection of shaft 24, the disinfec- 
5 tant solution is heated to a temperature ranging between about 35 °C and 45° C. At 
this temperature level, a circulation time ranging between about 4 minutes and 10 
minutes provides the desired disinfection of shaft 24. 

In order to assure that the temperature of the disinfection solution is main- 
tained at the desired level throughout the heat/soak cycle, temperature sensors are 

1 0 mounted in various locations of system 20 for continuously measuring the tempera- 
ture of the circulating, disinfectant solution. Although numerous temperature 
sensors may be placed in numerous alternate positions, four sensors are preferably 
positioned in the following preferred locations: (1) reservoir 35 at entry portal 29 
of passageway 28, (2) terminating end 30 of passageway 28, (3) on heater 38, and 

15 (4) in heater 38. 

Once the heat/soak cycle is completed, the disinfectant purge cycle is 
initiated. In this cycle, the disinfectant is drained from the system to waste drain 
42. In order to achieve this result, heater 38 is turned off, pump 55 continues to 
operate, and valves 53 and 54 are opened, with valve 52 remaining open. In this 

20 way, all of the disinfectant solution contained in passageway 28, conduit 37, 

reservoir 35 and tube member 39 is completely removed and drained from system 
20. Generally, it has been found that this cycle should continue for about two 
minutes, in order to assure complete removal of the disinfectant solution. 

In the next step, the disinfectant bearing container and delivery lines are 

25 automatically cleaned and flushed. In achieving this result, valve 51 is opened 

whiles valve 52, 53, and 54 are closed for a period of time just long enough to fill 
the disinfectant bearing container 46, passageway 29 and reservoir 35 with water 
from water inlet 41. Once filled with water, valve (VI) 51 is closed, valve (V2) 52 
is opened, and pump 55 is turned on. Then, with valves (V3) 53 and (V4) 54 



WO 2004/011162 



PCT/US2003/019784 



- 17- 



closed, water is circulated through system 20 in order to thoroughly rinse all lines 
and shaft 24 to remove any residual disinfectant. 

Once the water has circulated for an appropriate period of time, such as 30 
seconds to 3 minutes, the rinse water is purged from system 20. With pump 55 on, 
5 and valve 51 closed, valves 53 and 54 are opened, with valve 52 remaining open. 
In this way, all of the rinse water in system 20 is withdrawn and delivered to waste 
outlet 42. 

In the final steps, a final rinse and purge of cavity/passageway 28, conduit 
37 and reservoir 35 is provided. Preferably, the final rinse is conducted for 
1 0 approximately two to four minutes in order to remove all traces of the disinfectant 
therefrom. In the final purge/rinse cycle, pump 5 is on, valves 51 and 53 are 
opened, and valves 52 and 54 are closed. In this way, water is allowed to circulate 
throughout system 20. 

Once the final rinse cycle has been concluded, the final purge is achieved by 
1 5 closing valve 51, opening valves 52, 53, and 54, with water pumps 55 on. In this 
way, all of the water in cavity/passageway 28, conduit 37, and reservoir 35 is 
delivered to drain 42. 

Although fully detailed above, Table I is provided for assuring a full and 
complete disclosure of the pump and valve sequencing. As is evident from a review 
20 of Table I, the pump and valve control operation and status for each of the steps is 
provided. 

If desired, pressure sensors may be employed in order to be certain that a 
sufficient quantity of disinfectant is in passageway 28, as well as checking the water 
pressure at various locations. In FIGURE 5, the use of placement of three pressure 
25 sensors are shown and depicted as PI, P2, and P3. 
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Once all of the cycles have been completed, panel 40 displays an appropriate 
message, such as cycle end, and ultrasonic probe assembly 22 is completely disin- 
fected, ready to be removed and re-used. Furthermore, in the preferred embodiment, a 
printer assembly 62 is interconnected with system 20 and provides a complete summary 
5 of the machine operation and a validation of the procedure and its completion. 

In FIGURES 6-8, an alternate embodiment of transesophageal ultrasonic probe 
disinfecting system 20 of the present invention is depicted incorporating housing or 
base 21, which contains all of the components for providing an effective, automated 
disinfecting system 20. As best seen in FIGURE 6, housing 21 is shown with 

1 0 transesophageal ultrasonic probe assembly 22 supportingly retained therewith. As 

depicted, transesophageal ultrasonic probe assembly 22 comprises electronics contain- 
ing section 23 forming one end of probe assembly 21, with section 23 directly con- 
nected to elongated flexible shaft 24. Elongated, flexible shaft 24 terminates at its 
opposed end with transducer 25. 

15 In the preferred construction of this embodiment of the present invention, 

housing 21 of automated disinfecting system 20 comprises an elongated, probe receiv- 
ing and holding cavity or passageway 28 which is formed in housing 21, extending 
therein with an overall length greater than the length of flexible shaft 24 and transducer 
25. In the preferred construction, as depicted in FIGURE 6, probe receiving and 

20 holding cavity/passageway 28 comprises an elongated, continuous, arcuately curved 

pathway constructed for enabling shaft 24 with transducer 25 to be easily advanced into 
secure retained engagement therein. Furthermore, in order to enhance the ease of 
sliding engagement of shaft 24 and transducer 25 therein, cavity/passageway 28 is 
preferably formed from low-friction material, such as high density polyethylene or 

25 Teflon. 
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In the preferred construction, elongated probe receiving cavity/passage-way 28 
comprises an arcuately curved, helically shaped, fully enclosed pathway, extending 
from entry portal 29 to terminating end 30. In addition, the diameter of cavity/ 
passageway 28 is constructed to be greater than the diameter of elongated shaft 24, 
5 thereby enabling transducer 25 and shaft 24 to be easily inserted into portal 29 and 
telescopically advanced into cavity /passageway 28 along substantially the entire length 
thereof, until flexible shaft 24 and transducer 25 are completely retained within cavity/ 
passageway 28. Although the diameter of cavity /passageway 28 may comprise any 
desired dimension, the preferred diameter ranges between about 0.5 inches and 2.0 
10 inches. 

In order to further enhance the ability of automated system 20 to thoroughly 
provide the desired thorough disinfection of flexible shaft 24 and transducer 25, in the 
manner detailed below, elongated cavity/passageway 28 is formed in housing 21 with a 
gentle, downwardly sloping configuration, starting with portal 29 and terminating at 

1 5 end 30. In the preferred construction, terminating end 30 is formed at least 1 .5 inches 
to 2.0 inches lower than portal 29. 

In this way, gravity forces cause any rinsing fluid or disinfecting solution to 
automatically cascade along the entire length of cavity/passageway 28, while simulta- 
neously contacting the entire outer surface of shaft 24 and transducer 25. As a result, 

20 the disinfection of shaft 24 and transducer 25 are enhanced. 

As discussed above, and clearly shown in FIGURES 6-8, housing 21 incorpo- 
rates holding and supporting platform 32 mounted to the top surface of housing 21, 
directly adjacent portal 29 and cavity/zone 28. As depicted, holding and supporting 
platform 32 is constructed for securely retaining and supportingly holding electronics 

25 containing section 23 of ultrasonic probe assembly 22 in a manner which protects the 
electronics contained therein and prevents any exposure of the electronics contained in 
section 23 to the disinfecting solutions and/or rinse water. In this way, assurance is 
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provided that the entire length of flexible shaft 24 and transducer 25 are completely 
disinfected, while the electronics contained in section 23 is maintained free from 
exposure to any liquid. 

Another feature of the present invention is the incorporation of docking station 
5 33 integrally mounted to housing 21 and constructed for receiving and automatically 
opening a specially constructed disinfectant solution container. In the present inven- 
tion, a special, high concentration level of glutaraldehyde is employed as the disinfect- 
ing solution. In order to prevent unwanted handling of the disinfecting solution as well 
as prevent unwanted exposure to the fumes produced by glutaraldehyde, the concen- 

1 0 trated glutaraldehyde employed in the present invention is preferably distributed in 
sealed containers, with each container having the precise quantity of glutaraldehyde 
required for a single cleaning cycle. In this way, the prepackaged, sealed container 0' 
concentrated glutaraldehyde is inserted into docking station 33, when desired, and 
activated for use when probe assembly 22 is securely mounted to housing 21, ready for 

1 5 being disinfected. 

In the present invention, docking station 33 is constructed for automatically 
breaking the seal formed on the glutaraldehyde container and for delivering the 
glutaraldehyde directly to portal 29 of probe receiving and holding cavity/passageway 
28. In the preferred embodiment, as best seen in FIGURE 8, housing 21 incorporates 

20 a disinfectant retaining reservoir 35 which receives the disinfecting solution from the 
dispensing container and holds a quantity of the solution therein as the solution enters 
portal 29 of cavity /passageway 28. 

In the preferred construction, docking station 33 pierces the seal formed on the 
disinfectant bearing container and incorporates prongs which engage in the container 

25 and is connected with tubing, pumps, and valves, as detailed below, to draw the 
disinfectant solution from the container and deliver the disinfectant solution to cav- 
ity/zone 28. 
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In addition, sidewall 70 of reservoir 35 incorporates a solution delivery inlet 71 
which is connected to cavity /passageway 28 through control valves and pumps for 
delivering quantities of the disinfecting solution to cavity /passageway 28. In this way, 
assurance is provided that all of the disinfecting solution is delivered to cavity /passage- 
5 way 28 for exposing flexible shaft 24 in its entirety to the disinfecting solution. 

Furthermore, housing 21 preferably incorporates overflow control tube or weir 
72 to be certain that the disinfecting solution does not overflow from cavity/passagp- 
way 28 during the filling process. By employing the overflow control tube or weir 72, 
assurance is provided that all of the disinfecting solution is delivered directly to 

1 0 cavity /passageway 28 for use in disinfecting the entire length of flexible shaft 24, and 
any backflow created from delivering the disinfectant solution to cavity/passageway 28 
too quickly is accommodated by having any such backflow returned to reservoir 35 for 
delivery to cavity/passageway 28. In addition to assuring that all of the disinfectant 
solution is effectively and efficiently transferred to cavity/passageway 28, this construc- 

1 5 tion also disinfects the portion of flexible shaft 24 which is affixed directly to section 
23, preventing any unwanted cross-contamination. 

As is more fully detailed below, transesophageal ultrasonic probe disinfecting 
system 20 of the present invention incorporates a pump and a plurality of valves which 
are controlled by an electronic control system which produces i the desired disinfectmg 

20 cycles for fully and completely disinfecting the entire length of flexible shaft 24 and 
transducer 25 of ultrasonic probe 22. All of these components are contained within 
housing 21 and are activated and controlled by panel 40 mounted on the front wall of 
housing 21. 

In the preferred construction of this embodiment, the control electronics 
25 operates the pumps and valves contained in housing 21 in a precisely desired cyclical 
sequence as defined by the built-in software forming a part thereof. ITie predetermined 
sequence is more fully discussed below and provides a plurality of rinse cycles and 
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disinfecting cycles which provide all of the required operations to attain a completely 
disinfected probe assembly in a fully automated manner. In the preferred construction, 
the system status is continuously displayed on panel 40 which also incorporates control 
buttons for overriding or altering of the automated system, if required. 
5 In the preferred construction of this embodiment, ultrasonic probe disinfecting 

system 20 of the present invention also incorporates connections or fittings mounted to 
housing 21 for providing water inlet 41 and waste outlet 42. In the preferred construc- 
tion, water inlet 41 incorporates water filtration components mounted therein, con- 
structed for assuring that any water delivered to housing 21 is filtered to a high level or 
1 0 standard for use by system 20 in providing the desired disinfection of probe assembly 
22. 

Finally, system 20 of the present invention also preferably incorporates suitable 
cover means cooperatively associated with base 21 for overlying and covering base 21 
in its entirety, or, if desired, for covering all areas where fumes from the disinfecting 

1 5 solution could escape. In this way, exposure of the fumes of the disinfecting solution 
to individuals is prevented. 

Furthermore, in the preferred construction, an air filtration system is incorpo- 
rated into housing 21 which incorporates specific air filters constructed to remove and 
neutralize the disinfectant fumes generated by the solution! In its preferred comtruc- 

20 tion, a blower is also employed to drive the air away from the source of the fumes and 
delivery of the air through the filter before recirculating the filtered air into the ambient 
surroundings. 

By employing ultrasonic probe disinfecting system 20 of the present invention, 
any desired transesophageal ultrasonic probe can be quickly and easily mounted in 
25 system 20 of the present invention and completely disinfected in a fully automated, 
computer-controlled, easily employed manner. Typically, the first step employed by 
any operator in assuring that the desired transesophageal ultrasonic probe is properly 
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disinfected is to remove any bio-burden on the probe assembly by employing an 
enzyme coated wipe sponge. By thoroughly cleaning all bio-burden from the probe 
assembly, by merely drawing the elongated shaft and transducer through the enzyme 
coated wipe sponge, all human protein on the surface of the shaft is removed. This 
5 manual wiping process also mechanically removes the bio-burden that may remain on 
the probe from a previous patient. 

Once the outer surface of the flexible shaft of the probe assembly has been 
manually wiped, the probe assembly is loaded into automated disinfecting system 20 of 
this invention. As fully detailed above, this loading is quickly and easily achieved by 

1 0 telescopically advancing transducer 25 and flexible shaft 25 into elongated, probe 

receiving and holding cavity/passageway 28. Once the entire length of flexible shaft 24 
of probe assembly 22 has been fully extended into cavity/passageway 28, electronics 
containing section 23 is mounted to holding and supporting platform 32, where section 
23 is securely retained with the electronics thereof secured and positioned for prevent- 

1 5 ing any exposure thereof to any disinfecting solutions and/or rinse water. 

In the preferred embodiment, panel 40 will initially display a request for the 
operator to select whether a leak test should be performed on probe assembly 22. If 
the leak test is desired, a salt tablet is placed in cavity /passageway 28 prior to loading 
probe assembly 22 therein and, once the probe assembly lias been ^y'iiiserted into 

20 cavity /passageway 28, the start button of panel 40 is pressed to begin the process. 

By referring to FIGURE 9, along with the following detailed discussion, the 
automated operation of ultrasonic probe disinfecting system 20 of the present invention 
can best be understood. In addition, the automated opening and closing of the cooper- 
ating valve members associated with system 20 are discussed in conjunction with the 

25 depiction of these valve members in FIGURE 9. 

In this regard, the first step in conducting a leak test is to open valve VI and V6 
which enables filtered water to be delivered to reservoir 35 and cavity /passageway 28. 
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Once cavity/passageway 28 has been filled with water, valves VI and V6 are closed. 
Prior to conducting the leak test, system 20 establishes that conductivity does exist 
through cavity/passageway 28 by passing current between two electrodes. When 
conductivity has been demonstrated, the leak test is conducted. 
5 Since the water in cavity/passageway 28 contains traces of salt or sodium 

chloride, the electrical conductivity can be checked between the internal electrodes of 
the probe and a metal connector which is in contact with the water in cavity/passage- 
way 28 at the distal end thereof. Since the probe is coated in a non-conductive 
material, any current detected means that leakage has occurred between the electrodes 

1 0 within the probe and the exterior surface of the probe. If such leakage is detected, the 
user is prompted by panel 40 that leakage has been found and the user may abort the 
rest of the cycle or may continue. 

The next step in the process is to mount the sealed disinfectant bearing container 
in docking station 33 and activate the system to assure that the container seal is 

1 5 ruptured to enable the disinfectant solution to be withdrawn from the container. At this 
time, housing 20 should be enclosed by the associated cover to assure that fumes 
generated by the disinfectant solution are controlled and the operator is not exposed to 
the fumes. 

At this stage, disinfecting system 20 automatically cycles through each of the 
20 pre-determined stages which assures that probe assembly 22 is fully disinfected. In the 
preferred embodiment, the first cycle is a pre-rinse cycle wherein the associated pump 
is activated and filtered water is allowed to continuously flush through cavity/passage- 
way 28, while being withdrawn and delivered to waste outlet 42. In the preferred 
operation, this pre-rinse cycle continues for up to about two minutes. 
25 In order to achieve the desired pre-rinsing and flushing of shaft 24 and trans- 

ducer 25 of probe assembly 22, the pump associated with system 20 is activated and 
operated during the entire cycle. In addition, valves VI, V4, V6, and V7 are opened 
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and remain open during the entire cycle. As is evident from the diagram of FIGURE 
9, this arrangement enables the filtered water to flow from water inlet 41 to reservoir 
35 and into cavity /passageway 28 for filling cavity /passageway 28, and then flow 
therefrom to waste outlet 42. 
5 The next cycle is a disinfectant fill and soak cycle wherein flexible shaft 24 and 

transducer 25 of probe assembly 22 is continuously exposed to the concentrated 
disinfectant for an extended period of time. In accomplishing this cycle, the first step 
is to completely evacuate cavity /passageway 28 of all liquid by delivering any such 
liquid to waste drain 42. When completed, drain 42 is closed along with the open 
1 0 valve members. 

The next step is to completely fill cavity /passageway 28 with the disinfectant 
solution. This is achieved by turning on the pump and opening valves V3 and V5. 
Once cavity /passageway 28 is completely filled with the disinfectant solution, bringing 
the solution into direct contact with flexible shaft 24 and transducer 25, the pump is 
1 5 turned off and the valves are closed. The probe assembly is then allowed to soak in the 
disinfectant solution for an extended period of time. In the preferred embodiment, a 
soak time of about one minute is employed. 

Once the soak time has been completed, the disinfectant is cycled continuously 
through cavity/passageway 28 from the distai end thereof to 
20 end. In this regard, any desired disinfectant recycling time can be employed. How- 
ever, a recycled time of about nine minutes has been found to be optimal. 

In order to achieve the disinfectant recycling, the pump is turned on and valves 
V5 and V7 are opened and maintained open for the entire period of time. Once the 
recycled time period has elapsed, the pump is turned off and the valves are closed. 
25 The next step in disinfecting probe assembly 22 is to drain the disinfectant from 

the system. In the preferred operation, the disinfectant is drained to waste drain 42 
while being intermixed with water in order to dilute the concentration of the disinfec- 
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tant. In achieving this result, the pump is turned on and valves VI, V4, V6 and V7 are 
opened and remain open for the entire drain cycle. Generally, it has been found that 
this cycle should continue for about two minutes, in order to assure complete removal 
and dilution of the disinfectant solution. 
5 In the next step, the disinfectant bearing container and delivery lines are 

automatically disinfected and flushed. In achieving this result, valves VI in V2 are 
opened while valve V6 is closed for a period of time just long enough to fill the 
disinfectant bearing container. Once the container is filled with water, valves VI and 
V2 are closed and the pump is turned on. Then, with valves V3 and V4 open, the 

1 0 contents of the solution bearing container are directed to waste drain 42. Preferably, 
this cycle is repeated at least two times, until the container has been folly flushed of all 
significant traces of the disinfectant. 

In the final step, a final rinse of cavity /passageway 28 is provided. Preferably, 
the final rinse is conducted for approximately four minutes in order to remove all traces 

15 of the disinfectant therefrom. Once the final rinse cycle has been concluded, water 

inlet 41 is closed and all of the water in cavity /passage-way 28 is delivered to drain 42. 
In achieving the final rinse cycle, the pump is turned on and valves VI, V4, V6 and V7 
are opened. 

Although fully detailed abb ve7TableTD[ls provided for assuring a fall and 
20 complete disclosure of the pump and valve sequencing. As is evident from a review of 
Table n, the pump and valve control operation and status for each of the steps is 
provided. 
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Once all of the cycles have been completed, panel 40 displays an appropriate 
message, such as cycle end, and the ultrasonic probe assembly 22 is completely 
disinfected, ready to be removed and re-used. Furthermore, in the preferred embodi- 
ment, a thermal printer is interconnected with system 20 in order to provide a complete 
5 summary of the machine operation and a validation of the procedure and its comple- 
tion. 

It will thus be seen that the object set forth above, among those made apparent 
from the preceding description, are efficiently attained and, since certain changes may 
be made in the above constructions without departing from the scope of the invention, 
10 it is intended that all matter contained in the above description or shown in the accom- 
panying drawings shall be interpreted as illustrative and not a limiting sense. 

It is also to be understood that the following claims are intended to cover all of 
the generic and specific features of the invention herein described, and all statements of 
the scope of the invention which, as a matter of language, might be said to fall 
1 5 therebetween. 

Having described our invention, what we claim as new and desire to secure by 
Letters Patent is: 



